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Page 4.1-14Basis for Specification LCO 4.1.8

An unexpected and/or unexplained change in the observed core

reactivity could be indicative of the existence of potential safety

problems or of operational problems. Any reactivity anomaly greater

than 0.01 AK would be unexpected, and its occurrence would be

thoroughly investigated and evaluated. The value of 0.01 Ak is

considered to be a safe limit since a shutdown margin of at least

0.01 Ak with the highest worth rod pair fully withdrawn is always

maintained (see LCO 4.1.2).

Specification LC0 4.1.9 - Core Region Temperature Rise, Limitina
Condition for Operation

| Whenever core inlet orifice valves are set for equal region

| flows, the total circulator flow rate shall be above the minimums

| given in Figure 4.1.9-1 (at the appropriate helium density and

| power level). Whenever the core inlet orifice valves are set at

any positions other than for equal region flows, the measured

helium coolant temperature rise through any core region shall not

| exceed the limits given in Figure 4.1.9-2 (at the appropriate

helium density and power level).

If the measured helium coolant temperature rise exceeds the

| allowable limits or the minimum total circulator flow rate is not

available, immediate corrective action shall be taken. If this

corrective action is not successful within fifteen (15) minutes,

an immediate orderly shutdown shall be initiated.

| When the reactor is already shutdown and it is necessary to

| terminate the helium flow for short time periods, the amount of

| thermal energy from fission product decay must be sufficien'tly

| low to prevent the average core temperature from exceeding 760'F

| during the period of no flow.

- .. . - - . . - - - . . - . -.- . .- . .. _
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Basis for Specification LCO 4.1.9

| The intent of this specification is to assure that there is an

j adequate helium coolant flow rate through all core coolant channels,

| particularly for low power and flow conditions. This is accomplished

| by specifying either a minimum total circulator flow rate, or a

[ maximum core region coolant temperature rise for varicus thermal

| pows levels (including power from decay heat).

Very low helium coolant flow rates may result in laminar flow

conditions with resultant high friction factors and low heat transfer

film coefficients and potential for possible local helium flow

stagnation, which could result in excessive fuel temperatures.

| The minimum total circulator flow and maximum core region helium

| temperature rise limits have been developed bassd upon a number of

| conservative assumptions. The maximum column to region average power

| peaking factor was assumed to be 1.61 which is consistent with LC0 4.1.3.

| The analysis for full density conditions assumed the maximum permissible

| primary coolant inventory of 107.5% specified in LC0 4.4.1. The analysis

| was performed for each power level at a core inlet temperature of 100*F,

| and then in increments of 50 F up to 750*F. The most restrictive of

| these calculations at each power level were utilized to form the limits.

| Model uncertainties and measurement errors were factored into the

| analysis.

| Even with the reactor shutdown, some helium coolant flow must Le

| provided to remove the heat from fission product decay. The flow must

| be sufficient to prevent the helium inlet temperature from exceeding

| 760*F to prevent damage to the reactor internals. ff the flow is

| terminated for short periods and the average core temperature does not

| exceed 760*F, the helium inlet temperature will be acceptable when the

| flow is resumed.

_. . .- . . _ . - - -- - --
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SUDMARY

The reactor operating limit to prevent laminar flow instability in the
reactor core, LCO 4.1.9 of the Technical Specifications, was reviewed. Non-
conservative errors and omissions in the development of the original limit were
found, and as a result new operating limits have been defined. The new limits
are more restrictive than the current operating limits, and will necessitate
incorporation of the modification to the limit recommended in References 1 and
2 for reactor startup. This modification permits the opening of 2-10 orifices
from the uniform flow positions, provided the reduction in flow in the other
regions is offset,by an increase in total core flow.

A remaining concern in the laminar flow instability limit, which has been
adversely affected by the new, more restrictive curves, is the violation in
this limit following a reactor scram or rapid reduction to low power operation.
It is believed the only way to prevent this violation is to increase the time
for successful corrective action from 15 minutes to about 2-3 hours. This
would provide the reactor operator with sufficient time to stabilize the plant
from the transient, and then later to adjust the orifices back to the uniform
flow positions. Justification to increase the time for successful corrective
action would require additional analysis.

INTRODUCTION

The onset of laminar flow instability occurs when the change in pressure
drop with arts flow rate becomes negative. The potential for laminar flow
instability in a }ffGR reactor .:ss studied by Boyack (Reference 3). Based on
his work, a limit of FSV reactor operation was developed which related the
permisaible region temperature rise to reactor power (Reference 4). Subse-
quently, additional analysis was performed to define the operating limit in
terms of minimum reactor flow vs. reactor power (see Reference 5). This limit
was easier to meet, which was necessary for operation up to about 55 power.
However, for this limit the region orifices needed to be adjusted for near
equal flow per coolant channel.

' After considerable reactor cperating experience, a modification to the
operating limit was propcaed (Refs.1 and 2), which would permit the opening of
a few oriff ces beyond their uniform flow positions. The objectives of this
modification were to permit reactor startup and operation with a few orifices
inoperable (provided the region temperature mismatch limits of LCO 4.1.7 could
be met) and to facilitate the change from equal flow orifice positions to equal
exit gas temperature orifice positions. The latter objective was in anticipa-

- tion of the additional flow which would otherwise be required during startup in
later cycles, when the core power distribution would be more skewed.

. _ _. .
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Note that this proposed modification did not change or challenge the basis
for the original limit. The new curves ensured that the minimum coolant
channel flow woeld not be less than that required to meet the original limit.

Recently, the bases and various assumptions in the development of the
laminar flow instability limit were reviewed and several non-conservative
errors and omissions were found. As a result, a reanalysis was performed and
new operating limits defined. This report documents the new analysis.

RECOMMENDED NEW FIGURES

Proposed new' limits for LCO 4.1.9 are shown in Figures 1 and 2. The -

changes that have been made are enumerated below:

1. The effect of different density gases in the upper and lower reflec-
tors has been accounted for. It was thought that this ters had been
included in the original analysis (see equation 3 of Reference 4).

,

. However, based on a recent review of the original analysis, it
*

appears that this term had been omitted (Reference 6). Note also
that the gravity term in this equation is slightly in error (Refer-
ence 7). The correct term is given in the next section.

2. The maximum column to region average power peaking factor (TILT) was
! increased from 1.44 (used in the original analysis) to 1.61, to be.

consistent with * the limit given in LCO 4.1.3 of the Fort St. Vrain
Technical Specifications.

3 The number of coolant holes in the core was increased from 23,550 to
24,133 The calculation for the number of coolant holes is given in

i Appendix A.

. 4. The analysis was performed at the maximum permissible primary coolant
inventory of 107 55 specified in LCO 4.4.1 of the Technical Specifi-
cations. The original analyses had been performed at nominal coolant
inventory.

5. The Reynolds number, used to calculate the friction factor in the
pressure drop equation, was evaluated locally in the coolant channel.
Thus, onset of laminar flow instability may be predicted even though
flow entering the coolant channel is turbulent. For the original
analysis, the friction factor for the entire channel had been calcu-

,

lated using the Reynolds number at channel inlet (see Reference 7).
-

.

6. The analysis was performed over a core inlet temperature range from
100'F to 750*F. At each power level, a calculation was performed at
a core inlet temperature of 100'F, and then in increments of 50*F up

. _ - .
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to 750*F. The most restrictive calculation at each power level was
useii to form the limit. It is belived the core inlet temperature was
fixed at 100'F for the original analysis.

7. In the original analysis, a ratio of 1.2 had been assumed between the
flow in an average channel and that in the critical channel. In this
analysis this ratio was determined for every core operating condition
considered, by first calculating pressure drop in the average channel
(where the flow is known), and then calculating flow rate in the
critical channel with this pressure drop.

Note that for the LCO 4.1.9-1 (Figure 1) limit, the relationship
between the flow rates in the two channels is a function of the core
orifice settings. With more open core orifices, the ratio between
the average and peak power channel flows increases. For Figure 1, an
orifice setting of 20% open for a 7-column region was used. The
reason for this is given in item 8 below.

Figures 3 and'4 show the flow defect factors that were calculated for
the limits given in Figures 1 and 2. The factors shown in these
figures are not always the largest calculated at a given power level.
They are the factors which come from the core inlet temperature for
which the most restrictive limit was derived.

8. The models which relate local coolant temperature rise and flow to
total core power and flow (for Figure 1), or to total core power and

; region temperature rise (for Figure 2) are developed in Appendix A.
These are based on the reactor flow diagram shown in, Figure 5.
Values for the flow rater and heats in the various flow paths that
were used are given in Table 1. The new values were taken from
Reference 8 and are generally higher than those used in the original
analysis.-

| As discussed in Reference 8, the core bypass flow fraction is a
function of the degree to which the core is orificed. Also, as noted
in 7 above, the flow detect factors are a function of the degree of
core orificing. For more open orifice positions, the core bypass
flow fraction decreases but the flow defect factor increases. To
understand the relationship of these twc factors on the laminar-
instability limit, an analysis was performed for a range of orifice
positions forn 85 to 20% open and for a core inlet temperature of
100*F. The results of this analysis are shown in Figure 6. As can
be seen, the most limiting case is with an orifice position of 20%
open. Based on this analysis, the LCO 4.1.9-1 limit was developed
for the 20% open orifice position case, and the limit is valid for
orifice settings from 85 to 20% open.

___ .
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The core bypass flow fractions for this evaluation are given in Table
2. These were obtained by performing a POKE analysis to determine
core pressure drop for each assumed orifice position and then using
the expression for bypass flow as a function of pressure drop from
Reference 8 to determine bypass flow. Note that since bypass flow
fraction is also input to POKE, this' analysis had to be performed
iteratively. Also, the analysis was performed at 1005 power and
flow, but subsequent analysis at several low power and flow condi-
tions showed the calculated bypass flow fraction is not sensitive to

_ the assumed core power and flow.

The core bypass flow traction for the 20% open orifice position case
was also used in the analysis for the LCO 4.1.9-2 limit. This case

- was used because, due to the limited range of flow control of the
orifices, closing the orifices beyond 20% open leads to core flow
resistances where the low power (critical) region is necessarily
overcooled.

9. Relationships were developed to account for uncertainty in these
models anc measurement errors, which were factored into the analysis.
These relationships are also developed in Appendix A. Estimates for
uncertainty in the various parameters are given in Table 1. The
uncertainty estimates are believed to be conservative, given the
considerabla operating experience at Fort St. Vrain. In the previous
Figure 1 limit (core flow vs. core power) the miniaua core flow had
been increased by 255 as a factor of conservatism. This factor is

| larger than that obtained from the uncertainty analysis, by -105 to
| 155. In the previous Figure 2 limit no factor of conservatism had
! been used.

DATA INPUT AND ANALYSIS
.

The complete expression for the coolant channel pressure drop that was
used is as follows:

_

s*

O N O

~
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m* N#URbR LR LR t+AP = Kin + Kout i + 2(T-1) + - d
+

es PA" dc
-

.

ab +2 ab +2T g4f b T ~l kI b TT CT T- L CL L -1 5
d (t -1)(ab *2} * " (T 'II("D +2) _,

T
T T L - L

~
. .

P h*bc LR
*

c . .

where
E, = inlet loss coefficientg

Kout - exit loss coefficient ---

L = length of the upper reflector
UR

L = portion of the active core length where flow is turbulentCT
'

L = Portion of the active core length where flow is laminarCL

L = length of the active core (= Lg+LCLC

L = length of the lower reflectorg

d = coolant channel diameter

,
m = coolant channel flow

g, = Newton constant

g = gravitational acceleration

p = coolant density at channel inlet

_
A = ccolant channel area>

-

4

t =T
exit inlet .

T (an expression for T is given below). T =Ttru/Tinlet tran

*L exit tran
"

.,

e ee e

Page 7
,

.

,.svg 7 p . 771~P "#
_ .h ', 1 [

'

- *- ' ' " " ' ' ' ' " ' " ~ ~ ' ' '
"



_ _ _

, ' . -
.

', GA TECHNOLOGIES INC.
. .

TITLE: LCO 4.1.9 REANALYSIS
.

.

DOCUMENT No. 907212 ISSUE NO./LTR. A

.

.

f = friction factor in the upper reflector
UR

F = friction factor in the lower reflectorg

f = friction factor at the active core entrance (if turbulent)T

f = friction factor at the point in the active core where theg
flow becomes laminar

n = constant in the expression for coolant viscosity (see below)
b = constant in the friction factor expression for laminar flow

(see below)
b natant in the friction factor expression for turbulent flow=

T
(see below)

This is essentially the same equation as given in Reference 4 (equation
3). The differences are,that the friction factor contribution in the active
core has been integrated separately over the turbulent and laminar regimes and
the gravity term has been corrected.

This equation was programmed into a code called LAMSTAB'RJK. Appendix C
' contains a listing of the code and a sample input. The analysis in LAMSTAB*RJK

proceeds as follows:

I

l

|

. _ . _ .
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1. For LCO 4.1.9-1 the circulator flow rate must be greater than a
specified minimum value, which is a function of the core inlet
temperature and the core power fraction. For a given core inlet
temperature, calculations are performed for a range of core power
fractions from zero to where the minimum core flow is such that a core
power to flow ratio of 1.05 is obtainad. Calculations are repeated
for the specified range of core inlet temperatures. The LCO 4.1.9-1
limit of circulator flow rate vs. core power fraction is formed by
taking the caximum flow rate required at each core power fraction over
the range of core inlet temperatures.

2. For each, combination of core inlet temperature are core power frac-
tion, the limiting circulator flow fraction is obtained iteratively.
Initially, a low value of circulator flow is taken and the core
pressure drop is calculated. This calculation is repeated with
increasing values of circulatow flow, until the condition producing
dap/dm = 0 is found.

3 The Ap in the expression above is the coolant channel Ap. To obtain
this value, the total core pressure drop is first calculated, using an
average power channel in the core (since the flow rate in this channel
is known). Once the total core pressure drop is known, the pressure
drop equation can be solved iteratively for the high power channel to
determine the high power channel flow. The coolant channel Ap for
this channel is then determined by subtracting the pressure drop
through the orifice.

4. The flow rate and temperature rise in the average or high power
channel are related to the circulator flow and reactor power as given
in Appendix A. Once flow rate and temperature rise in the channel are
known, the pressure drop equation is solved in a relatively straight-
forward manner. To determine the friction factor, the point of
relaminarization may be calculated as follows:,

"
NRE(tran) = udy

where NRE(tran) = the transition Reynolds number

p = coolant viscosity

|_ "N To tran
. .

T lant temperature at transition*
tran

___ .

Pqe 9.
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9,,m = coefficients in the coolant viscosity expression

From the Reynolds number equation the transition temperature may be
calculated:

- "
1/mg

""
,dp,NRE(tran)w

_

DependiEig on the channel temperature rise, flow may be wholly
laminar, wholly turbulent or partially turbulent and laminar. If the
flow is partially turbuleat and laminar, the portion of the active
core that is turbulent is calculated from

~

tran inlet
~

bCT " bc
T -T_ exit inlet,

then LCL " bC CT
~b

.

5. A similar analysis is performed to obtain the LCO 4.1.9-2 limit, where
the maximum region temperature rise is a function of core inlet
temperature and core power fraction. For this analysis, initially a
high value of region temperature rise is taken and then calculations
are repeated with decreasing region temperature rises until the
condition producing dAp/dm = 0 is found. The critical channel for
this limit is the highest power channel in the lowest power region

'

(because the orifices are adjusted per the region power to produce
equal region exit temperatures, and laminar flow instability is more
sensitive to flow than to power). For this limit, the channel
pressure drop is calculated using an average power channel in the
region, and then flow in the high power channel in the region is
obtained by solving the pressure drop equation iteratively with this
pressure drop.

The data input that were used in the analysis are:
l

L " "0*8 1"*UR

|

.__ .
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L - 187 3 in.C

L = 46.8 in,g

d = 0.625 in.
K = 0.5

K, g = 0.5

Korif = 36.12 (7-column region, 20% open)
-bf f N

o RE

Laminar Turbulent

where f, 16 0.0195
b 1 0.0985

*
N =

RE
udu

U =U g

where y,= 0.00069 lba/hr-ft -

a = 0.674
,

NRE(tran) = 2300
p = 0.229 lba/ft" (107.5% of nominal)

, RPF = region power density peaking factor
TILT = intra-region maximum column power tilt

Fig.1 Limit Fig. 2 Limit

where RPF 3.0 0.4
TILT 1.61 1.61

As mentioned above the analysis considered a range of inlet temperatures
from 100*F to 750'F. Calculations were made at 50'F increments within this
range. The core power fraction was incremented by 0.002 (0.25) of full core
power. The analyses was continued until a core power 'to flow ratio of 1.05 was
reached. In the iteration process to find the minimum core pressure drop, the

.__ .
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circulator flow was incremented by 0.0001 (0.01%) of 1005 circulator flow (for
the Figure 1 limit) and the region temperature rise was incremented by 1'F (for
the Figure 2 limit).

Figures 6 through 8 show the channel pressure drop vs. flow curves for a
few power fractions. The core inlet temperature for these~ curves was 100*F.
Figures 6 and 7 were generated for the Figure 1 limit of circulator flow vs.
reactor power. The step increase in core pressure drop that is seen in the
coolant channel flow range of 10-15 lba/hr is caused by the transition from
laminar to turbulent flow in the lower reflector, which causes a step increase
in the friction factor. A similar step increase occurs when the flow in the
upper reflector becomes turbulent. This step is very small (-0.02 psf),
because the flow in the upper reflector becomes turbulent at a lower flow rate,
and is not evident in these figures. The effect of these steps was disregarded
when looking for a minlaus core pressure drop.

Figure 8wa$sgeneratedfortheFigure2limitofregiontemperaturerise
vs. core power. These curves " sweep back" to zero flow because of the effect
of' temperature measurement error. As core flow is increased, region tempera-
ture rise- become smaller. Eventually the temperature rise becomes equal to
the potential measurement error.

The curves in Figures 1 which permit the orifices on some regions to be
more open than the others were generated using methods described in References
1 and 2 (some of the factors were available from these references and taken
directly). These factors are given in Table 3 An orifice setting of 85 open
for 7-column regions was assumed in developing'the Figure 1 curves where some
orifices are more open than the uniform flow positions. The Figure 1 curves

,

are then valid for uniform orifice settings of 8 - 20% open.

Less restrictive curves may be used in cases where the primary coolant
helium inventory is less than nominal. Figures 10-15 show the Figure 1 and
Figure 2 limits for inventories of 805, 60% and 40% of nominal. These were
obtained by running the LAMSTAB#RJK code at the specified core inlet helium
densities.

Limits have also been generated for refueling and are shown in Figures
,

16-18. Primary system pressure was taken to be less than or equal to 15 pai.
For refueling, two circulator flow vs. core power curves have been generated.
The second curve provides a limit when the reflector and fuel elements from one
region have been removed. For this condition, a flow factor was derived,
wherein the total flow required is increased by a factor sufficient to offset
the additional flow through the cavity created during refueling. The

- derviation of this flow factor is given in Appendix B.

___ .
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TABLE 1

Parameter Nominal Value Uncertainty

Reactor leakage flow fraction (fLEAK) 0.07 0.03

Core bypass flow fraction (fby) 0.125 0.05

Core bypass power fraction (ky)' O.05 Not used

Control rod flow fraction (f 0.025 0.01
CR

Control rod power fraction (kR O'.01
~

0.005
_

Core inlet temperature (Tg) Variable ~ 10*F

Region exit temperature (T "#'" * 'OUT

.

|

:
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i
l

l

|
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TABLE 2

Orifice Position Gore Bypass
(5 open) Flcw Fraction

'

85 0.185

135 0.150

205 0.125

.

e
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TABLE 3

|

Orifice Position Number of Required Circulator
(5 open) Orifices Opened Flow Increase

85 2 1.092
'

85 5 1.279

85 10 1.458

__ ,

4

-
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C

_ . . CONSTANTS. . _ _ _ THIS
*

_..

IN CODE WHICH RELATE CHANhEL. _ . . _ _ _ . . . _ANDC THE FLOW
__. . . . _ . . . . . . . . . . . . . . . _ . .

'* C TEMPE R AI.u.RE RISE TO C ORE POW E R FRACTION AND CIRC FLOW
* C FRACTION'(LCO 4.1.9-1), OR TO CORE POWER FRACTION AND REGION

1

** C TEMPERATURE RISE (LCO 4.1.9-2) ARE DERIVED Ih mLCO A.1.9
:*- C REANALYSISa, R. J. KAPERNICK, DOCUMENT NO. 907212, 11/E3.
* C-------------------- -----------------------------------------

Io PARAMETER NT 1500
* DIMENSION P E R AC CNT) , D ELTR (NT) ,W F R (NT) , F LC C NT) ,D ELT C (NT) ,
"* RPFC2), TILT (2),WFRAC(NT),DTFIN(NT),WF"AX(NT),.

A 0 ( 2 )_, B O C._2ME Y I h ( N T ) , R F Y E X ( N T ) , D P C N T ) ,*
.

.

F LOF A C (10) , TINM IN (NT) , DE F EC T (NT) , NITE R (NT) ,.* .-

'* D EF R E F (NT) , DE F R (NT).

R E AL P, LUR , LLR , L C ,LUR F ,LLR F , LCF , LC F 1, LC F 2, K IN ,K0UT ,KOR I F.*
~

~* DATA APU/0.00069/~ P/C.674/ PI/3.1416/
R/IS6.3/ C P /1. 242 / A 0 ( 1') /16. /'- .

'* P C C1 ) /1.0 / A0 (2 ) /0.01 c 5 / B 0 ( 2) /0.09 8 5 /.

ZEST /0.0/ -
* .

" '.. _.. .READCS,10) .K0RIF, KIN,K007 -

,

'* READC5,10) DC,LC, Duo,LUR,DLR,LLR
** READ (5,15) DEN,TRAN, TIN 1,DTEMP,NTEMP
* READC5,1C) RPF(1), TILT (1)

?* R E A D ( 5,10 ) SPF(2), TILT (2) -

~ ~ E5ADCS2 d NCUR.*
** READ (5,10) ( FLO F A C C I) ,1=1,h C U R)

~~

# I N f,'T S T A R'T 70 Tl'EiT,~ lit I N C , W S T A R T , 0 W I N~C
- ~:* - ~R E'A D ( f ,"10 )--

READC5,10) FINC1, FINC 2**

i* R EA D ( 5,~2 0T sPitTTN'R E'F U L
~

* 10 FORr.AT(6F12.5)
- ~

:*~ 15 f0W l'TC4F12.3,I6)
** 20 FOR*AT(1216)
7. - C'2--- ; ~~J !---~;;; m - ---------- ;Z T-- a~; 2;;;;a L----~;----'

,

~ SET CORE POWER FRACTIONS FOR WHICH CALCS. PAY BE PERFORMED** C
* C AND CONVERT UNITS

' . * C-------------------------------------------------------------
' :* P F R A C (f) = PI N C

?* Do 100 I=2,NT
:* P F R'A'C (I ) iPTRTCT!rf )TPTN C

-

* 100 CONTINUE
:* DCF=DC71Z.
** LCF=LC/12.'

' ~ -

; .** DURF= DUP /12.0
.'* LURF=LUR/12.C

~ - - - ~ ~ -..- r.
.* ~~ ~DLRF=DLR/12.0 -

~* LLRF=LLP/12.0
fe AREA =PI*DCF**2./4 0

_

i + . c-------------------..-----------------------------------...... ... ...

~:* C START OF LCO 4.1.9-2 CALCUALTION
* INITIALIZE REGION TEMP RISE LIMIT TO A HIGH VALUE

, , ._
. C

_
-

S4
- _- - . - - - . . _ - - -- . _ - - _ - - -. . _- _ . _ - _ - . _ _ _ _ .-.
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't
t. _ _

,

G R 7 9.191/ #
'

-

- -- -- ,

51* 00 110 I=1,NT
52* DTMINCI)=1000 0 __

:?* 11C CONTINUE .

.io NMAX=0
55* TIN = TIN 1_-
'b* C----- -----------------------------~~-------------------------
'7* C LOOP OVER CORE INLET TEMPERATURES -

.~~* C--------------------------------------------------------------
:* 00 120 ITEMS =1,NTEMP
:0* T_I N p = TI N + 4 6 0.
tio PRES = DEN =R*TINR/144.0
i?* D ELT R (1) =TST A RT

~

030 NUM*1
'

.Lo c___.____.....___._-_-___......__._..__....__.____.___._..._...
150 C LOOP OVER CORE POWER FRACTION UNTIL POWER / FLOW =1.05
6* C--------------------------------------------------------------
.'* DO 130 I=1,NT
.E* NITERCI)=0
:=0 -NCHK =0
'* 0 DJ.F E_C T C I ) = C . 0_
1* C--------------------------------------------------------------

~2*-v_._.C _ I TE.P A T;E. 0.N . R_E G I O N T E M P RISE T0. FIND CRITICAL PRESSURE DROP
c__... ____.....____..________... ......___..__.. ..________.

~40__ __140,NITERCI)=NITERCI)+1
i* C---------------------------------------'-------------------

~i* - C C ALCULATE REGION- PR ES SURE CPOP FR0" THE AVERAGE POWER CHANNEL
7+ C----------~~------------------------------------ -------------

~S*' ~
DTC=1.0154*DELTP(I) E 1.0154=0 0502/0.9358 ~

~ ~~ ~ ( 1.0-S o R T ( 1. 31'i-li 2 6 0 0.0'/ D EL T A C I ) * * 2.) )
~'

'* *.

IO*' FLOW =P8 775.C* P F R A C(I) *RP F (2) / DELTR(I)
.1* * (17'0-56ITT6. 91 E-3 +2 5 65. 8 9 / D ELT R ( I) * = 2 . )).

12*~~ I F C FLCW .GT.O.C. AND.DT C.GT .O.0) Go To 150<

1!* D Ei.T R (I ) =(f!O' '
??* DELTR(I+1)=TSTART
150 NUM=NUM+1
.t* ____GO TO 13C
:'o 150 VWIN= (F LOW / AR E A) **2./ (2 0*32 2*D EN* 3c00.0** 2. )

,i do
~~

TEXR=DTC+TINR-**
~ ~~ ~

X"U=A*U*TINP**M

-Je^ ~
'RYIN=4.0* Flow /(PI*DCF*xPU) -

1* X"UT4~MU*TiiR***
~

-?* RYEx=4.0*FL0k/(PI*DCF*XMU)
'!* LIN=1
34* LEX =1
75* IF(RYIN.GT'YPifd LIN=2.

:fo I F (R Y EX .GT.TP AN) ~- -
lex =2

!?* T U R = 4 .7 EAT (~L'I N )'* R Y f M * * (-e 0 ( L I N )V(EOR F'/ D U R F )
;** IF(LIN.NE. LEX) GO TO 160
1gu O~UsTEXR/TINR
23* TC=4.0*A0(LIN)*RYIN**C-e0(LIN))*(LCF/DCF)

| .to 'T( T O'*~*'(V* 8 C ( EIN ) f27(D -T.~ 0)R(T AuT 70 )'*TMii!io FL'i NT+'2.'OT T-~
~~~

1.

| .2* GO TO 17C
-!* fEC CONTYNDE-~
40 TTRAN=((4.0* FLOW)/(AMU *TRAN*PI*DCF))**(1.0/M)

-

_?* - L C FV(TTR A N -T I h R ) / ( T E X R -T IN R ) * L C F
;f* LCF2=LCF-LCF1 ~ ~~~~

i

~7* TAU =TTRAN/TYWR; $
.

- - -r .r - . - . , - - , . , , - - _ - - ,, ,_ ._,.,,,_,.__._,_,,__y, _ . . , , , _ , , , , . _ - , , , , . . , _ , , _ _ , , , _ , _ _ _ . _, _, , _,
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LA"B

'!E* TC1=4.0*A0(LIN)*RYIN**(-90(LIN))*CLCF1/DCF)
~C* __ *(TAU **(**E0(LIN)+2.0) -1. C) / ( C T A U -1._0] * (M *B 0 ( LI N)_+ 2 0 ) ).

*?* TAU =TEXR/TTRAN .

*1* TC2 = (TTR AN/TINR) * 4.0* AC(LEX) *TR A N** (-P0(LEX)) *(LC F 2/DC F) . ____ ___ .~
2* * (T A U** (**BC (LEX )+ 2 0) -1 0)/(CTAU-1.0)*(M*B0(LEX)+2.0)).

*?* TC=TC1+TC2.

*1* 170 TAU =TEXR/TINK
'f*

., .

*$*_
_ ._ __ T L R = T AU + 4. 0 * A C C L E X ) *R Y.E.X,* * (-B C ( L E X ) ) * (L L R F / D L R F )

,.

T R E S T=2.C + (T AU-1,0) +K IN+K OUT * T AU>

'

7e TGRAV= DEN *CLURF+LLRF/ TAU +LCF*ALOGCTAU)/(TAU-1.0))
* i' DP(I) =VHIN* (TUR+T C+TLR+TR EST )-TGR AV
*~* c--.------.........--....--..............-- .....--...........

:!* C CALCULATE FLOW RATE IN THE CRITICAL CHANNEL
:1* C-------------------------------- -----------------------------

;2* ~~~~ f2=1.0
I?*.

220 DPCRSV=1.CE*Le
.. . F I N C = FI_N C 1

~!* 2?C FLO(I)sFLOW/F2
:50
:*o ' DELTC CI) =DTC* TILT (2)*C.9358* F2
~;*

, . _ V H I N = ( F.L..C.( I ) / A R E A ) * * 2 . /_ ( 2 . 0 * 3 2 2 * D E N * ! 6 0 0 0 * * 2. )
__TEXR=DELTCCI)+TINR,,-

:** X*U=APU* TIN 8**M_ , , , . . _ , _ , , _ .

t :Te RIYINCI)=4.0*FLOCI)/(FI*DCF*XMU)
*** XPU=AFU* TEX ****

_ _ _

!?* REYEXCI)=4.0*FLO(I)/(PI*DCF*XPU) .

{* -__ _ . . _. . L I . . _ - _ . . . . _ . . . _ _ _ _ _ _ ..

?!*
:fo~

~~ IF(REYINCI).GT.TRAN) LIN=2,

IF(R EYEX (I)' GT.TR AN)'LEXE2
~

-.

17* TUR=4 0*A0(LIN)*REYINCI)**(-E0(LIN))*(LURF/DURF)
IEe IF(LIN.NE. LEX) GO TC 200
20* T AU=T EX R /TINR
-7* Tt =4. 0* A CIL I N ) * R E YI N ( I) * * (-B 0 (L IiUF(ECTTD C F)
** * ( T A u * * ( P.* B 0 ( L I N) + 2. 0 ) -1.03 / C CT AU-1.0) * (M *s0(LIN) +2.0))- .

-2* -G0'T'0 210
-

-?* 200 CONTINUE,

Lo TTRAN=((4.0*FLO(I))/(AMU *TAAN*PI*DCF))**(1.0/M)
-5* LCF1=(TTRAN-TINR)/(TEXR.TINR)*LCF
-40 ''" LC F 2 = CC F'-L CY T

~ '

' e . T AU=TTR AN/TINR'

I -?* TC1=4.0*A0(LIN)*REYIN(I)**(756(LIN))*(LCF1/DCF)
.:* *(TAU **C"*POCLIN)+2.0) -1 0) / ( CT AU-1.0) * CM*B0 ( LIM) + 2. 0)).

!!* T Au= TEX R /TTR AN
I"* TC2=(TTR AN/TINR) *4.0* A0(LEX) *TR Ah**(-e0 (LEX)) *(LCF2/DC F)

* ( TA U * * ("T C ( L E X F2.0 ) -1. 0i/ GHGIG0') * (M * a 0 ( L E X )T270 ) )| *2+ B
-~ -~

.

53* TC=TC1+TC2
I4* ~21'0 T A u =T EX'R /T'IMR

-

!5* TLR =T AU * 4.0* A0(LEX) *R EY EX (1) * *(-BOC LE X))* (LLR F/DLR F)
I6* TREST =2.G*(TAU-f.0)+ KIN +KouT* TAU

~

!?* TGRAV= DEN *(LURF+LLRF/ TAU +LCF*ALOGCTAU)/CTAU-1.0))
!!* DPCRIT=VHIN*(TU7+TC+TLR+ TREST)-TG AV

c---....... ..........--...............'... ..........--- ... - - - - -5;o
:* C CHECK ON FLOW RATE'CONVER'GENCE~~ '~~

~ ~ ~' '~~

** . c......---.................---........--..........----.....
12* I F ("D P CR I T.L T. D P fI) ) GC TO 240

~

-3* IFCDPCRIT.GT.DPCRSV) G0.To 250
::*----- - ~ ~~~~~0PCRSV=DPCRIT'

''

. -- -

.

-- gweww,r--y w-- - r--,.--.,,.w:--e- yyy-y--,-.g - - - , , - , , e 3 - ,-w,-.--.ww.. _ --si r,,---.2,--,--,w.,-- r.,e.---r,-,---3.w,.--. , ,---
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. & -.y

-Yo F2=F2+FINC
: fo . GC To 23C......_.. . .

'o 240 IFCFINC.LT.FINC1) GO TO 260 *

.

10- F2=F2-FINC ~ - ~ ~ ~ - -

-io FINC=FINC2
~!o Go To 22C _

*** C------------------------------------------------------------ -

Io C
~ON CRITICAL CORE PRESSURE DROP CONVFRGENCE'I* C

~GO TO NCHK=?~TO'3E"S6RE"T0' SKIP ~~ STEP' INCREASES IN PRESSURE
~'CHECK

- ~ ~ ~

~40 . C DROP DUE TO TRANSITION TO TURBULENT FLOW IN THE UPPER AND
~50 C LOWER REFLECTORS

' to C-------------------------------------------------------------
'70 ~260 IF(NITER (I).EC.1) GO TO 250

' *ta ,_ Ir( Dr (I) .0E.Dr3 AV. At:D . [_a gil) cg. rtos AV) NCHy-NCHK*1g
'0 I F (N C HK . EG.3 ) GO TO 180
::o 250 FLOSAV=FLO(I)
'. ' o DPSAV=DP(I)

DELTRCI)=DELTRCI)-DTINC:10
._ _

GO TO 14C!*
;o C---- ----------~~---------------------------------------------
fo C IF CONVERGES ON FIRCT OPPORTUNITY, MAY NOT HAVE STARTED

c......s____..__.__........__......_____-.ME.._,._..__...._ . . _..._THE I T.._E. _e..A T. I.O N..I_ N. _. T. H. .E . U.N.S T. A B. L. E_ _ R. .E. G..Iit* ..__..C -.

o .... ___....__......___

'To 1?C IF(CNITERCI)-NCHK).GT.1) G O T O 2 7 0 _yme.us _ =- =

:* D ELTR (I) =DELTR C I) +3.0 * DTI NC + 0TN EW '
'

i - ** NITER (I)=C_
*

1 ** NCHK=C
*2e GO TO 140

To 270" DEFECT (I)= FLOW /FLO T)~'
~~~

:*o D ELT R (I + 1) =D E LTR (I) +D TNEW
*

:50 C fS L = DE L T R C I) /7 f0.0
~

:go C-------------------------------------------------------------
~ T P OW E ii/ Ff 0sT1.0'5-

~

I
~

; 'o' ~ C" 6EC'K
:3o c__...__._____...c..____.._______________........ .____. __...

i :00 IF(CTSL.LT.1.05) Go T o '28'O -~~

:!* D ELTR CI) =710.0*1.C5
*10 IYEM=I.

;;o C--------------------------------------------------------------
~'T CEXST 15%~P0EERA ~

~~

:To C' PER PSC REQUEST, TAKE LIMIT CUT TO .

;;o C--------------------------------------------------------------
~ ~ ~

*!*"-"' ' 2 90 I F ( P F R A"C ( I T E M )'~.'G E . 6.~1499 9 ) GO To 300
.50 ITEM = ITER +1 _.

;'o NUM=NUM+1
?o DELTR CIT EP)=710.0*1.0 5

'. 7 0 GO'To 29~0~
~

*;o 2!0 NUM=NUM+1
* t o' 130 CONTINUE
*20 30C CONTINUE

~

*!* MXITEF.=M AX0(ITEM, EXIT EM)
*Lo

.. I F.( N.P._R_T ._.E C . 0_ )_.G. .o 70 3.20 . __ . = __
.

. . .

_

1

l '50 C PRINT RESULTS FOR EACH CORE INLET TEMPERATURE
e c....__ .. ...............__....__...... ____._............. . .

*!* WRITE (5,25) TIN, PRES,TRAN!

'
* TS FDR'M'AT(1W17' TYN = 'TY3.1/' PRES = ' , F CIT' REYTR = ' ,F5.0/7)--~ ~

.* I1=1
010 17=Pf40TSciWOM)

~~~ '-'

..,,,-, .'.. , ,,n...- ~ ~ ~. . .- .- - -- - - - - ~ ~ - . - - - - - - - -
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22o 310 WRIT E(6,3C) (PFRAC(I),DELTR(I),FLOCI),DELTCCI),REYINCI),
23e __ R E Y E X ( I) , D E F E C T ( !hD D C I) ,N I T E R (I. ) ,.I = I1, I 2 ).

40 70 FOR*AT(' PFRAC DELTR FLOW DELTC REYIN REYEX DEFECT'
. _ . _

. .

'. 5 o _ _ , . " , . D P_ N IT E R "/_( F 7. 3_, F 3.1, F 2._3; F8a2 F S . 0, F_8 . 3 ,.-

260 F9.3,I6)) '

.

;70 11 =I1 +5 0
'. ! * IF(11.GT.NUM) GO TO 320
:So 12 = M I N0 ( 12 + 5.C.,.N U_M )

_

200- WRITE (6,35)
:10 35_ FORMAT (1H1)
?20 GO TO 31'c
I30- 320 CONTINUE
340 NMAX= MAX 0(N=AX,NUM)
I$o c..........--...--.---..-- .. ..........---..........--........
76o C UPDATE TEMP RISE LIMIT IF RESU TS FROM NEW CALCULATIONL
370 C (CORE INLET TEMPERATURE) ARE MORE RE

C - - ------- - -- - - - - ------ ---- -- -- --- - -- --- - S T R I C T I V E;eo ---- --------------

::* 00 330__INUM=1,NUM
00 I F (C E LT R (INUM) .GT .DTM IN C INUM) ) GO TO 330
-10 DTMIN(INU')=DELTR(INUP)
20 TINMIN(INUM)= TIN
.?* 33C CONTINU_E, ,_
.40 120 TTN= TIN + DTEMP

_
__ __,

.c* C--------------------------------------------------------------

.t* C bRITE RESULTS ON FILE FOR PLOTTING ~

.e c..--~~.----....-.---.......--....--...........----.....

.?e NPAN1=NMAX+1 '

,9* WRITE (12,&O) NP LX1, ZE RO,( PF R AC C LP),LP=1,N" AX)
' ! ?o- W8ITE(12,45) NMAX1,ZEF0,(DTMINCLP),LP=1,NMAX) , , _ _ _

~1* 40 FORFAT(I6/(6F7.4)) *

120 45 FORPAT(16/(6F7 1))
??* C-----------------------------------,-------------------------
I&o' C PRINT FINAL LIMIT FOR LC0 4.f.9J2

~

iso C-------------------------------------------------------------
360 11=1
'70 22= PIN 0(50,4UM)
.' ! * 3 4U EFITEl6730I (P F R A C (LP ),0TPIN CL P) , TI NM IN( LP) ,LP=I1,12)

~~
~

:00 .-- 5 0. F O R M A.T ( 1.H.1, ' PFRAC DTMIN T I N" / ( F 7..3 , F 9.1, F S .C ) )
__

. -- .. --

:10 IFCI1.GT.NUM) GO TO 350
~ 2= MIN 0 Ci2i 07tiiTMY~I ~~

~-~

5.2e s

,!* GO TO 340
240_ 3TO CONTINUE
:so C-------------------------------------------------------------

~ ~

. $ 0- C S'TATT~TF~LC"0 C C971 C A L C tfAi.T10N
:70 C INITIALIZE CIRC FLOW FRACTION TO ZERO
.oo C-------------------------------------------------------------
90 00 360 !=1,NT

_--

'Op WFMAX(I)=C.0
__

.

'1e 360 CONTINU'E
'20 NM A WO

~

.

* ! * '* TIN = TIN 1
A o ; , ~, c--........- .............---- -......_.._.... --.....--- .
'f*- C LOOP OVER CORE INLET TEMPERATURES I.

t o_ g..-.........---....--..--.....--....---.....---......-
''* DO 370 ITEMD=1,NTEMP

___ _.

'?* T ItfR = TI N4460.
- {~ ~

-
-

- S*B
_.

_ _ _ _ _ _ _ _ _ _ _ _
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'

'* PRES = DEN *R*TINR/144 0 -

i'* WFR A C (1 ) =WST ART - *

** NUP.21 1
-

,

** C----------------------------------------------------~--------
,

?* C LOOP''UVEii"C0RE P6EER~ VRATTio'N"IIETYL ~P CW E R / Fi.0 E=~1. 05 ^
~ ~ -

:o c.--....---...--........--- ......--... --.....--....--.......

f* 06'330 Is1,*!T
-

.

t* NITiR CI) =0
'e NCHK2C
!* DEFECT (I)=0.0
* C--------------------------------------------------------------

~!* C ITECATE ON CIRC FLOW FRACTION TO FIND CPITICAL PRESSURE DROP
ie C------------------------------------------------------- ------.

!?* 390 NITERfI)=NITERCI)+1
- :o c.........-------..................-..... .---- .....-------

'* ____..C_. C. A,L C U L A T E C O R E PRESSURE DROP FROM THE AVEPAGE POWER CHANNNEL
?* C-------------------------------------------------------------
t* F LOW =114.74*W FR AC CI) * (1 0-0.0831)

- '* DTC=7t5.62*PFRACCI)/WFPAC(I) a 785.62=735.18/0.9358
i* * ( 1.0-SQ R T(1. 31 E-4 +2.2 2 E-4 * (W FR AC (I) /P F R A C C I) ) **2. )).

~

. :* I F ( D T C. G T .1 0 ) G6'Y6~400
** WFR AC CI) =1.0 .

** WFR AC CI+1)=WSTART
2* AUM=NUM+1
:* Go TO 3PC -

4 C0, VMI N= (F LCW/ A R E A) * *2./ (2.0 *32 2* D ENe 3600.0* * 2. ) __ _
*

- ~* TEXR=DTC+TINR .

f* XFu=APU*TINR**M .

** RYIN=4.0* FLOW /(PI*DCF*X=U)
:!* XPU=A=U+TEXR**M

~~~

** RYEX=4.0* FLOW /(PI*DCF*X=U)
?* LIh=1
g . ._ _ . -

'2* IF(RYIN.GT.TRAN) LIN=2,

'?* I F ( R Y EX .'G T'.T R i N ) LEX =2
~

'

' ;* TUR =4.0 * A0(LIN) *R YIN *(-e0(LIN)) * (LUR 5/ DUP F)
| !* I F ( LI N. N E .L EF ) GO TO 410

~

*to TAU =TEXR/TINR
'o T C = 4. 0* A C (L'IN) *Tf!N ** (2 0 (LI N )) * (L'CT/ D &Tl9

so *(TAU **(F*B0(LIN)+2.0) -1.C) / ( CT AU-1 0) * (M*e0(LIN)+2 0)).

* G0 TO 420
!* 410 CONTINUE -

'
'

fT R 5 N = ( ( 4 0* F LO W) / ( A M U* T R AN *P l*D4E)-) ** ( 1. 0 / M)1* 7- -

.2* LCF1=(TTRAN-TINR)/(TEXR-TINR)*LCF
! ?*' LC F 2's LC F ;LC f1

-~

|*.10 TAU =TTRAN/TINR
! !*~ T C 1 =4 .~0 '* A 0 ~( t'. I N ) * R Y I N * * (Te 0 (I. I N )WC CC ff/ YCTI

- ~

|;to *(TAU **(**B0fLIN)+2.0) -1.0) / ((T AU-1.0) * (M *B 0 ( LIN ) + 2. 0)).
-

| .'e T A u = fTX !f7ffit A N
i II* TC2=(TTRAN/TINR)*4.O*ACCLEX)*TRAN**(-B0(LEX))*(LCF2/DCF) -

* ( T A d * * ( M * B OTLYX')T2'. 0 )71. 0T/ ( (T AD -1 ' 017(p. * e 0 ~( L E X ) + 2 . C D
' ~ -~

" . * .
,

"'o TC=TC1+TC2
~ ~

~

|?** ~420 TAU =TE'XR/TIVR
,.2* TLR= TAU *4.O*A0(LEX)*RYEX**(-9C(LEY))*(LLRF/DLRF)
!*?* T R'ETT alTC * ( T A U-1. 0) + n 6R I F +K I N +K0 U T * T A U

~

| *ie - TGRAV= DEN *(LURF+LLRF/ TAU +LCF*ALOG(TAU)/(TAU-1.0))
.3*~~~~'"~~ C P (Il4 H IN* (TUR +T C+T'LR +TR EST )~-TGR AV~

"- ''--

59
-

( ,s# [' ,

"
'

d C'' '
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If* C-------------------------------------------------------------
}7* C CALCULATE FLOW _R A.T.E _ I N T H E C P I T I C.A L,, C H A N N E L
:* C

-!* _ .. ..Fi=1*0.__
.

~T*
.

FINC=FINC1
** 51C DPCRSV=1. CEC
2*'~~ S CO 'F L'0 ('IT= F L OW / F 1 -

.!* , ._, _ D ELT C (I ) = D T C * R P F (1. ).* T ILT (1) * 0.93 5.B * F1 _ . _ . ._. ,

.;* V HI N= (F L O (I) / A R E A ) = * 2./ ( 2.0 * 3 2.2 * DE N* 36 00.0** 2. )
30

_

-f*. T E X R = D E.L T C ( I .)_+_T I N R
X'U= AMU *TINR**M

'* REVINCI)=4.O*FLO(I)/(DI*DCF*XMU)-

.?* XMU=A*U*TEXR**M
* R EY E X (I ) = 4.0 * FLO (I) / ( PI * D C F * XPU)

!* LIN=1
?* LEX =1
'?* IF(REVINCI).GT.TRAN) LIN=2
?* I F ( R E YE X ( I ) . G T ._T R A_N ) LEX =2
1* TUR =4 0 * A0(LIN) *R EVIN (1) * *(-B0(LIN)) * (LUR F / DUR F)
!*',.._,,_.

_
.!FCLIN.NE. LEX),,,G O ,T_0,,j 5 0

to tau =TEXR/TINR
'o T C=4.C. A C CLIN' = RE VIN ( I) * * (-P C (LIN)) * (LC F/ D C F)
i* - ' ~~ ~ ' ~ ' " e ( T A'U * * ( * * e 0 ( L I N ) i2'. 0 )'T ~. 0)' / ( t Tid-1. 0 ) * YM 5 0TLI N ) + 2 0 ) )1

~ T - -

.

;* GO TO 460
~* 450 CONTINUE ~

'o TTF AN=( C 4 0* FLO CI)) /( AMU * TR A N*PI*DC F))**(1.0/ M)
.!*

"~~" ' ~

LCF1=(TTRAN-TINR)/(TEhR-TihR)ilCT~
?*~' ~

LCF2=LCF-LCF1
'

*

18 TAU =TTRAN/TINN"
~~

f* TC1=4.O*A0(LIN)*REYIk(I)**(-e0(LIN))*(LCF1/DCF)
to * ( TA OUT* * 0 f(~L Diff270 ) -1.0T/ITT Au-1 0 ) * (M *8 0 ( LIN) +2. 0))

-

.

'o TAU =TEXR/TTWAN
,yO' ~ ~'

T C 2 = ( TT R'A 4 l'I'A R )T4. C * A 0TCEWfR A N * * (-e 0 C L E X T) * ( L C VT/ D ff')
~ - - -~

: *(TAU **(**B0(LEX)+2.0) -1.0) / ( CT AU-1.0) * (M*B0 (LE X)+2. 0)).o .
'

~~ fuTC'1+TC2*!* T
'** 460 T Au=TEXR/TINR

~ 'L RY ~i6~*~4. C * k O ( L E X ) * R E Y E X (I ) * * (-B O C L E X ) ) * ( L LR F / D L R F )T ~ T'I*
'?* T R E ST =2. 0 * (T A U-1. 0) +K OR I F +K I N +K0UT * T A U
*** T G R A V =D E N * ( LUR F +LLR F / T AU'+ CC F * AL'0G (T'AU ) /lTTU-1.0 f)

- -

.

'i* DPT 0T =V HIN * (TUR +T C+TL R +TR EST)-TGR AV
.f o~ ~ ~ ~ DPC RITE FT0f'-VHIN MOR'II'D

~

'o C.-- ..._____._____.___......... .......____.....___. ....____.

'I* C CHECI ON FLOW RiT E CO NVERGEN CE,

-;* C----------------------------------------------------------i

?*~-~ ~ I F ( D P TO T .L T . D P'( I )T G O TO 49'O
9* IF(DPTOT.GT.DPCRSV) GO TO 470
I *~ ~ -~~DPC'PSV'=DPTOT~

. !* F1=F1+FINC
;* GTT0 TOO

~

190 490 IF(FINC.LT.FINC1) GO TO 480
t* ~ F 1~= F 1 -F I N C~
~* FINC=FINC2
?* 'G 0 T 0''5'1 C-

_~ e .g -

,.... .

?* C CWE'CK 0N CTITYt'ALi C6fif PRTSTOF("TilWTMVYRGENC E
** C GO TO NCHK=3 TO SE SUPE TO SKIP STEP INCREASES IN PRESSURE
-I* C" ~ DROP ~ DUE 70 TR ANS'ITION TC~TUReUCENT FLOW"IN THE UPPER' KND

~ ~

[d>
.-_

% W * ,g, .| e.
'

$

.. ,,--- , . - - - - .. . . . - . - - - . - - - - - . . - , . - - . - - - - . . . . - - - - - - - - - -
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~I0 C LOWER REFLECTORS
::* C-------------- -----------------------------------------------

;!* 4 'O I F(N ITE R (I) .EC.1) GO TC 470 -

fo IF( D P CR I T.GE.DPS AV. AN D.FLO(I) .GE.FLOS *V) MCHK=NCHK+1
' ~

7e I r' ( N C' WK'. E C . 7 ) GO T0'430
~ ~

To 47C FLCSAV=FLOCI) *

;20 DPSAV=DOCPIT -

:?o WFRACCI)=WF8ACCI)+DWINC
.To GO TO 39C
:?* C-------------------------------------------------------------
:30 C. IF C O P:V ER GES ON FIRST OPPORTUNITY, 'AY NOT HAVE STARTED
!&o C THE ITERATION IN THE UNSTABLE REGIME
!!* C--------------------------------------------------------------
:t* 4 3C IF ( CNIT E R (I)-NCut) . cT .1) Go To !20, _ _

!7o WFRAC(I)=WFRACCI)-3.C*DWINC-kSTART/2.0
:20 I F (W F R A C CI) .LE.O.0) h FR AC (I)=DWINC
:~o NITERCI)=0
;o NCHKs0

. *10 .G0 TO 390
*20 5 2 C D E F E C T. ( I. ).= F LO W/.F.L O. ( .I)- . . _ . --

Io DPT0T=APAX1(0.0,DPTOT)

:'*.___... . _ - .._ X P R =4 C B . C * S Q R T ( D EN * D P TO T ) / F L O W'

*!o X"R = APA X i (1.0, X*R )
. . . .

*$o IF(NREFUL.NF.0) D E F P E F (I) =( 4 9.517 5 + XM o ) /5 0. 5175
**o W FR A C (I +1)=WFR A C C I)-5.C*DWINC *

*?e CTSL=PFR AC(!) /.W FR AC CI)
*o P FP A X =P F R AC (FXITEP)-1.0E-5
--o C-------------------------------------------------------------
51'o ' " ~ C CHECK IF POWER /FL0n > 1.05

'

I20 C__ TAKE LIM IT 0_UT TO AT LEAST THAT R E.C U I P_E D FCR LC0 4.1.9-2
!!o . C----------------------------------------- .

Ito IF(CTSL.GT.1 05. AND.P FR AC CI) .GT.PFF AA) GO TO 530
!!o NUM=NUM+1
Ito 380 CONTINUE

'

17o 5?O CONTINUE
!?o IF(NPPT.EQ.C) GO TO 55C

C'~'------------------------- -

~

' .:o -

3:e C PRINT RESULTS FOR EACH CORE INLET TEMPERATURE ~ " ~ ~ ~

!10 C--------------------------------------------------------------
320 WRITEC6,25) TIN, PRES,TRAN
? ! *- ~ ~~~ 1E1~1

Ito 12=MINOC50,NUM)
35o 540 hRITE($7I$) (PFRACC1),WFRAC(I),FLOCI),DELTC(I),REYINCI),
~60 R E YE X C I) ,D E F ECT (I) , D P ( I) ,N ITFR (1) , DE F R E F C I) , I=I1,I 2).

270 5$' FORPA1(" PFRAC WFRAC FLOW DELTC R Ef!N ' REYEX--DEFECT''~-~'
,' DP ~ NITER DEFREF"/(F7.3,2F8.4,F8 1.2F8.0,F8 3,I** .,

! 3"o F f . 3i ! 6','F 9'. 3) )-
"' ' ~

.

| aCo I1=I1+50
' fio IF(I1.GT.NU') GO TO 550
-20 12=MINO CI2+5 0,NUM)
-Io W R1T E (iG3 5')-

~ -

1
;* GO TO 54C

-

50 550 CONTINUE
.to NPAX=PAXC(N"AX,NUM)

70 C--------------------------------------------------------------

a io' C~~
UFDATE CIRC FLOW FF AC TION LIMIT IF RESULTS FR OM NEW CALCULATIONL'o C

EMPE' RAT'RE) A'RE"MORE 4ESTRICTIVE(CORE" INLET T U bl
.

*

--..-.---.a.---.----. . .--

- ,;.yy m ,-.y.,- y.--~ w - . . - - - --..-.--,,.-..,r.--
- nm. ,~e.n,.-

, .. .- . _ . ~ , _ - . . . . . _ - - _ . - - - _ - . - . . . _ - . . . _ . _ . - _ . _ _ _ . ~ - , . . _ . . . - - - . - - - - - .-- -
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30* C--------------------------------------------------------------
DO 56.0 IhuM=1,NUMIT*. . _ _ _ . . _
I F (W F P A C (INUM) . LT .'W FK AX ( INUF ) ) GO TO 560

-

:[* .

!* WFPAX(INUP)=WFDACCINUF),

~4* TINMINCINUM)= TIN
! !,* D E F P ( INp F ) = t' E F R E F ('I NU P)
"t* 56C CONTINUE -

7* 37C TIN = TIN +DTE*P
.___

*~ C---------- ---------------------------------------------------
70* _C_ W P II E_ R E S U L T_$_0 N__ F_.I L E._ F_0 R F L,0 TT I N G
, ; *- C------------ '-------------------------------------------------
1* NwAyi=NmAx+1

-?* W R'l T E (12 ,4 0 ) Nw a X1, Z E RO , ( P F R A C (LP) , LP =1,NP A X)
?* 0 0_5_7 P_ I.C U_R = 1, N C u p

,

L* DO 58C LP=1,NPAX,

-?* W FR _( LD) s FLO F A C (! C_UF ) * W FP A X (LP). . . .

to hFF.MAY=PFRACCLP)/1.C5
7e W FR (LP) = AP AY1 (W FRM Ar,W FR (LP))
i* SPC Cct.TIFUE

~ WRITE (12,40) NPAX1 ZERO,(WFR(LP),LP=1,N'AY)- * *

7, - - ~570 CONTIFUE"
~- -

~10 IF(NREFUL.EC.C) G0fTO 600
'Io DU 610 ICUR=1,NCUR
'?* 00 620 LP=1,NFAX
'i* W F R (LP) = F LO F AC C ICUR)* WFM AX(LP)* D E FR (I)

'

WFRPAY=PFDAC(LP)/1.C5~ ~~!* ~ ~ ~ ~ ~~~
te W F'F ( L p) = A" A Y1 (W F AFA X', W F # C LP ) )

-

''* 620 CONTINUE ~
' e ,--~ ~ ~ ~W R I T E (12 5 Ci) NMAX1,ZERO,(WFR(LP),LP=1,NPAN)

~

~I* 61.C_C.O.NT,1,Np,E

( . :* 600 CONTINUE
... c---------_--_----------------------------------------------
?* C PRINT FINAL LIMIT FOR LCO 4.1 9-1

'30 C--------------------------------------------------------------,

'

00 590 LF=1,NMAX' ~

-'*

f* hFPPAy=PFRAC(LP)/1.05
f* k FS AT(~LM= A- A x1 ( W FR F A x ,W F x A x ( L.) )
'70

___ SCO.. CONTINUE.

:* 12=pINOC50,NUM)
~

W: :o ~6 70 W st I T E C6,6CTC P FI'4 C ( LP ) , W F A X (T PTTTI NM is~(EPT, LP= I1,12)
~

(-t* 6C FORMAT (1H1," PFRAC LFFAX TIN"/(F7.3,F9.4,F8 03)

-20 Ii=11+50'

?!* IF(11.GT.NU=) GO 70 640
10 12= FIR 0(I2+50TNUIQ

~- ~ ~~

GO TO 63C:!*
: $* 6l~C C0NTINUE

-~ - ~

'78 END,

- - - - -
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SIGNIFICANT HAZARDS CONSIDERATIONS ANALYSIS

Since the proposed amendment to LCO 4.1.9 serves to define new
operating limits which correct for non-conservative errors and
omissions in the development of the orignial limits, operation of the
facility in accordance with the proposed amendment will not (1)
involve an increase in the probability or consequences of an accident
previously evaluated, (2) create the possibility of a new or
different kind of accident from any accident previously evaluated, or
(3) involve a reduction in a margin of safety. It is therefore
concluded that the proposed amendment involves no significant hazards
considerations.

1
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* Fort St. Vrain #1""*

Technical Sp:cifications*
n Amendment

Basis for Specification LC0 4.1.8 Page 4.1-14

An unexpected and/or unexplained change in the observed core

reactivity could be indicative of the existence of potential safety

problems or of operational problems. Any reactivity anomaly greater

than 0.01 AK would be unexpected, and its occurrence would be

thoroughly investigated and evaluated. The value of 0.01 ak is

considered to be a safe limit sir.ce a shutdown margin of at least

0.01 Ak with the highest worth rod pair fully withdrawn is always

maintained (see LC0 4.1.2).

Specification LC0 4.1.9 - Core Region Temperature Rise, limitina
Condition for Operation

| Whenever core inlet orifice valves are set for equal region

| flows, the total circulator flow rate shall be above the minimums

| given in Figure 4.1.9-1 (at the appropriate helium density and

| power level). Whenever the core inlet orifice valves are set at

any positions other than for equal region flows, the measured

helium coolant temperature rise through any core region shall not

| exceed the limits given in Figure 4.1.9-2 (at the appropriate

helium density and power . level).

If the measured helium coolant temperature rise exceeds the

| allowable limits or the minimum total circulator flow rate is not

available, insnediate corrective action shall be taken. If this

corrective action is not successful within fifteen (15) minutes,

an immediate orderly shutdown shall be initiated.

| When the reactor is aircady shutdown and it is necessary to
t

| terminate the helium flow for short time periods, the amount of

| thermal energy from fission product decay must be sufficiently

| low to prevent the average core temperature from exceeding 760*F

| during the period of no flow.

-- , , _ _ ,
_ __
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. .. Fort St. Vrain #1
Technical Specifications'

3
Amendment
Page 4.1-15

Basis for Specification LC0 4.1.9

| The intent of this specification is to assure that there is an

| adequate helium coolant flow rate through all core coolant channels,

| particularly for low power and flow conditions. This is accomplished

| by specifying either a minimum total circulator flow rate, or a

| maximum core region coolant temperature rise for various thermal

| power levels (including power from decay heat).

Very low helium ccolant flow rates may result in laminar flow

conditions with resultant high friction factors and low heat transfer

. film coefficients and potential for possible local helium flow

stagnation, which could result in excessive fuel temperatures.

| The minimum total circulator flow and maximum core region helium

| temperature rise limits have been developed based upon a number of

| conservative assumptions. The maximum column to region average power

| peaking factor was assumed to be 1.61 which is consistent with LC0 4.1.3.

| The analysis for full density conditions assumed the maximum permissible

| primary coolant inventory of 107.5% specified in LC0 4.4.1. The analysis
^

| was performed for each power level at a core inlet temperature of 100 F,

| and then in increments of 50 F up to 750'F. The most restrictive of

| these calculations at each power level were utilized to form the limits.

| Model uncertainties and measurement errors were factored into the

| analysis.

| Even with the mactor shutdown, some helium coolant flow must be

, | provided to remove the heat from fission product decay. The flow must
|

| | be sufficient to prevent the helium inlet temperatum from exceeding

| 760 F to prevent damage to the reactor internals. If the flow is

| terminated for short periods and the average core temperature does not

| exceed 760*F, the helium inlet temperature will be acceptable when the

| flow is resumed.

t
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Figure 4.1.9-2
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